Background & Aims: Despite high-risk behaviour, 10%-20% of HCV multiple exposed
| S TUDY P OPUL ATI ON AND ME THODS

| Study populations
| HIV-1 infected MSM with high-risk sexual behaviour
Serum samples were collected from HIV-1 infected, Western European MSM (n = 62) from the MSM Observational Study of Acute Infection with Hepatitis C (MOSAIC) cohort recruited from either the Academic Medical Center or the OLVG Oost hospital in Amsterdam, the Netherlands. Serum samples were studied from MEU individuals (n = 30) and multiple exposed infected (MEI; n = 32). Risk behaviour data were available from behavioural questionnaires collected at 6-month intervals, and MOSAIC Risk scores were subsequently calculated. 12 Participants were categorized as MEU or MEI, based on reported behavioural risk factors at inclusion high. Selected single nucleotide polymorphisms (SNPs) were determined by sequencing or SNP assays.
Results:
No associations were found for SNPs within genes coding for CD81, SR-1, Claudin-1 or Occludin between the MEU and MEI individuals from either cohort. We did observe a significant association for rs688 within the LDL-R gene with HCV infection (OR: 0.41 P = 0.001), however, LDL cholesterol levels did not vary between individuals carrying the differential SNPs. Additionally, a marginal significant effect was found for rs217434 and rs2072183 (OR: 2.07 P = 0.032 and OR: 1.76 P = 0.039, respectively) within NPC1L1.
Conclusions: Our results demonstrate that the rs688 SNP within the LDL-R gene associates with HCV susceptibility through mucosal as well as intravenous exposure.
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Key points
• Despite high-risk behaviour, a proportion of HCV multiple exposed individuals remain uninfected and where host factors may play a role in HCV susceptibility. We aimed to identify whether genetic modifications in genes encoding for proteins that are known to be involved with viral entry associate with infection risk. We identified alterations in the gene coding for the Lowdensity lipoprotein receptor (LDL-R) associated with risk of infection. This was found in individuals exposed sexually or through intravenous drug use. Genetic alterations within the LDL-R gene can therefore provide individuals with a modest protection against HCV infection.
or any of the follow-up visits which we previously found to be associated with sexual transmission of HCV in this cohort. 
| IDU
| Measurement of LDL cholesterol level
The determination of the LDL serum levels was calculated using the 
| Statistical analysis
Univariable logistic regression analysis was used to estimate the odds ratio (OR) and corresponding 95% confidence interval and Pvalues between MEU and MEI using R software version 3.2.2. 
| RE SULTS
| Association between HCV susceptibility and host SNP genotypes
Participant characteristics are shown in Table 1 . Individuals from the MSM exposed MOSAIC (n = 62) and IDU exposed ACS (n = 62) cohorts) were genotyped for 27 SNPs in four different genes known to be involved in HCV infection (No SNPs were selected in CD81 and OCLN). We investigated whether associations could be found between the selected SNPs and HCV infection susceptibility. SNP genotype frequencies were compared between cases (HCV infected or ever HCV infected, n = 54) and high-risk controls (HCV uninfected n = 70). A marginal significant effect was found for rs9869236 in CLDN1 (OR: 0.46 P = 0.016) and in NPC1L1 rs217434 (in combined cohort but also in MOSAIC alone) and rs2072183 (OR: 2.07 P = 0.032 and OR: 1.76 P = 0.039, respectively) but did not pass the Bonferroni test for multiple testing. We found the rs688 T variant in the LDL-R gene to be significantly associated with decreased HCV susceptibility (OR: 0.41 P = 0.0001).
When the cohorts were analyzed separately the same trend was observed. A significant effect was found in the MOSAIC cohort but not when corrected with Bonferroni (OR: 0.37 P = 0.0176) and the same trend, although not significant, was found in the ACS cohort (OR: 0.22 P = 0.09; Table 2 ).
| No association between LDL-R SNP genotypes and cholesterol levels
Since the rs688 genotype within the LDL receptor gene associates with protection from infection, we tested whether serum LDL levels could be associated with HCV susceptibility or with rs688 genotype. We therefore selected participants from the MOSAIC cohort (n = 34) from whom serum was available for measuring LDL levels.
No statistical significant differences were found in serum LDL levels for any of the genotypes compared (Figure 1) , nor was there a TA B L E 1 Characteristics of MOSAIC and ACS multiple exposed uninfected (MEU) and multiple exposed infected (MEI) participants The most common allele was considered the major allele. An additive genetic model was used to determine the Odds ratio (OR) for the SNPs between multiple exposed uninfected (MEU) and multiple exposed infected (MEI) individuals in relation to infection susceptibility. Rs688 appears to be significantly associated with HCV infection and passed the Bonferroni test for multiple testing when the data of the MOSAIC and ACS cohort are combined. The minor rs688 T allele is more abundant in controls, hence the odds ratio of 0.41 suggests a protective effect of the T allele. CI, confidence interval; MAF, minor allele frequency; OR, Odds ratio calculated by dividing frequencies major allele over minor allele. 
TA B L E 2 Genotyping results of both the individual cohorts and combined
| D ISCUSS I ON
We identified a SNP in the LDL-R gene to be associated with susceptibility to HCV infection where the rs688 T allele was found to Previously, it has been shown that LDL-R genotype correlates with LDL levels in serum.
25-28
As we hypothesized that serum LDL levels could contribute to HCV susceptibility, we compared LDL levels between MEU and MEI, and between the different LDL-R genotypes. However, we did not observe such an effect in the MOSAIC cohort. This could be due to the fact we are only able to test a small subset of individuals.
However, this suggests that the protective effect of the LDL-R rs688
T allele in this population is not mediated through serum LDL levels.
Further research is warranted to gain better insights into the mechanisms behind the rs688 SNP influencing HCV infection susceptibility and the interaction with other factors.
We observed a marginal effect for rs9869236 in CLDN1 and rs217434 and rs2072183 in NPC1L1 with HCV susceptibility. These
SNPs show an association with HCV infection but do not pass the Bonferroni correction. However, the Bonferroni correction is rather strict and some have suggested that Bonferroni correction is not needed unless testing large number of SNPs. Our results suggest that genetic variability in CLDN1 and NPC1L1 may play a role in HCV infection susceptibility but this topic obviously requires further testing in larger cohorts.
Here, we report that the LDL-R rs688 T variant is enriched within MEU. This effect seems to be independent of the transmission route of the virus, which is either through mucosal or IDU exposure. The strong correlation identified using a relatively small number of well characterized individuals is highly supportive of a biological effect, however, this finding needs to be confirmed using larger numbers of individuals.
F I G U R E 1 Serum LDL levels were determined for 34 individuals from whom serum was available. A, Average serum levels shown per genotype; CC (n = 14), CT (n = 10) or TT (n = 5). No significant difference in LDL levels and LDL-R rs688 genotype was found. B, No significant difference in LDL levels and LDL-R rs688 genotype was found when comparing the CC + CT (n = 24) genotype with the TT (n = 5) genotype
